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(54) Flow control valve 

(57) An improved flow control valve assembly is dis- 
closed. In one embodiment, the present invention com- 
prises a body assembly having a cavity disposed there- 
in. The body further comprises an inlet passage and an 
outlet passage to permit a fluid or gas flow into or out of 
the valve cavity. The inlet and outlet passages include 



openings into the valve cavity. Disposed between the 
inlet and outlet openings is a curved surface. A fluid or 
gas flow is controlled through the valve by incrementally 
engaging a thia flexible diaphragm along the curved 
surface of the body to vary the fluid flow resistance be- 
tween the diaphragm and curved surface. 
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Description 

The present invention relates generally to fluid and 
gas valve assemblies. More particularly, the invention 
relates to a flow control valve assembly wherein fluid or 5 
gas flow is controlled by incrementally wrapping a dia- 
phragm along a surface disposed between inlet and out- 
let openings to vary the fluid flow resistance between 
the openings. 

It is known that in many industrial processes it is 10 
necessary to control the flow of fluids and process gas- 
es. In many industries, including the semiconductor, 
pharmaceutical and nuclear industries, to name a few, 
process gases and fluids delivered to point-of-use loca- 
tions must be of high purity and must be particle free. In ?s 
order to illustrate the need for systems that are capable 
of delivering highly pure and particle free gases and flu- 
ids, this discussion will mainly be limited to those needs 
associated with semiconductor processing. It will be rec- 
ognized, however, that such focus is for descriptive pur- 20 
poses only and that the apparatus of the present inven- 
tion are applicable to any gas or fluid delivery system. 

As previously discussed, the provision of high purity 
gas and fluid streams are critically important in a wide 
variety of industrial applications. For example, the rapid 25 
expansion of chemical vapor deposition and etching 
techniques in the semiconductor industry has been as- 
sociated with the deployment and use of manufacturing 
equipment that is totally reliant on the delivery of ultra- 
high purity process gases at the point of use in the sem- 30 
iconductor manufacturing facility. For high purity gas op- 
erations, it is essential that the process gases be deliv- 
ered to the point of use with minimum contamination 
since even parts-per-billion impurity levels can adverse- 
ly effect the efficiency of semiconductor and other high 
purity products. 

As previously discussed, in many applications it is 
important to control the amount and the rate of delivery 
of gases or fluids to point-of-use locations. Particularly, 
in semiconductor processing it has become increasingly 
important to control the specific mass of gases delivered 
during the fabrication of semiconductor devices. As the 
speed of next generation semiconductor devices in- 
creases and the size/dimension of next generation sem- 
iconductor devices decreases the degree ol accuracy 
and control over the fabrication of next generation sem- 
iconductor devices must increase. 

Conventional flow control valves come in several 
forms. One prior art method for controlling the flow of a 
gas or liquid is a needle valve. Figure 1 illustrates a con- 
ventional needle flow control valve assembly 10. As 
shown in Figure 1, the valve body 12 contains an inlet 
passage 13 and an outlet passage 14 leading into and 
out of a cavity 15 disposed within valve body 12. Note 
that inlet passage 13 opens into an elongated, tapered 
region 16. The elongated, tapered region opens into 
cavity 1 5 and is shaped to accommodate an elongated 
and tapered valve element 1 7. The flow of gas or liquid 



is controlled by adjusting the position of valve element 
17 within region 16. Valve element 17 is positioned by 
the upward or downward movement of stem 18. 

One problem associated with using a needle valve 
to control flow is that the valve element tends to rub 
against the side walls of region 16 creating particles that 
are released into the gas or fluid system. As noted ear- 
lier, in some applications, such as ultra-clean semicon- 
ductor applications, the delivery of high purity gas 
streams is critically important. For example, the growth 
of high quality thin film electronic and optoelectronic 
cells by chemical vapor deposition or other vapor based 
techniques is inhibited by impurities within the gas de- 
livery system. These impurities can cause defects that 
reduce yields by increasing the number of rejects, which 
can be very expensive. 

One problem associated with needle valves is that 
they typically require polymer seals at the valve body 
and stem interface. Because of their susceptibility to 
corrosion and outgassing, the use of polymer seals is 
unacceptable, especially in those systems delivery cor- 
rosive gasses or fluids. 

Figure 2 illustrates another prior art valve assembly 
that is commonly used to control the flow rates in gas 
and fluid systems. The valve assembly of Figure 2 is 
often found in mass flow controllers that control the flow 
of gas into semiconductor processing chambers. As 
shown in Figure 2, the valve assembly 20 includes a 
body 21 containing an inlet passage 22 and an outlet 
passage 23 leading into and out of a cavity 24 disposed 
within valve body 21 . Outlet passage 22 includes an or- 
ifice 27 having a raised lip 28 at the cavity opening. The 
valve assembly 20 includes a plunger assembly 25 con- 
taining a valve seat 26. The valve seat 26 is attached to 
the end of the plunger 25 and is moved from a closed 
position to a position within close proximity to lip 28 dur- 
ing operation to control the flow of gas through orifice 
27. Whereas needle valves are considered variable or- 
ifice, the valve assembly 20 of Figure 2 is considered a 
fixed orifice flow control device. 

There are a number of problems associated with the 
prior art assembly of Figure 2. First, there exists a limited 
degree of accuracy due to an inherent inability to 
achieve the same flow conditions in a repeatable fash- 
ion. In the valve assembly of Figure 2 a very small move- 
ment of plunger 26 causes a large change in the flow 
rate. In addition, minor changes in the valve temperature 
can result in the expansion of plunger 26 and/or body 
21 . An expansion of plunger 26 or body 21 will affect the 
flow opening of orifice 27, which will in turn create a 
change in the flow rate passing through the valve. The 
valve assembly of Figure 2 also has a limited flow control 
range. For example, valve assembly 20 is typically lim- 
ited to applications wherein the minimum controlled flow 
rates cann6t fall below ten percent (10%) of maximum 
scale. When the valve operates outside the designated 
control range, the accuracy level of the valve diminishes 
greatly. This introduces a problem in those applications 
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where it is desirable to control a gas into a process 
chamber at a low flow rate at the beginning of the proc- 
ess and a much larger flow at the end of the process (or 
vice versa). Hence, in order to achieve variable flow 
rates within a prescribed process recipe using the flow 
control apparatus of Figure 2, multiple control valves 
possessing different sized orifices are required. It is ap- 
preciated that the present methods of controlling gas 
and fluid flows inhibit the optimization of flow rates to 
increase process productivity. 

What is neejded then is an apparatus which solves 
the problems associated with controlling the flow of gas- 
es and fluids to point-of-use locations. As will be seen, 
the present invention provides an improved flow control 
valve which solves the aforementioned problems. 

An improved flow control valve assembly is dis- 
closed. In one embodiment, the present invention com- 
prises a body assembly having a cavity disposed there- 
in. The body further comprises an inlet passage and an 
outlet passage to permit a fluid or gas flow into or out of 
the valve cavity. The inlet and outlet passages include 
openings into the valve cavity. Disposed between the 
inlet and outlet openings is a substantially continuous 
surface. A fluid or gas flow is controlled through the 
valve by incrementally engaging a thin, flexible dia- 
" phragm along the surface of the body such that the fluid 
flow resistance between the diaphragm and surface is 
varied. 

In another embodiment the surface of the body is 
textured to provide a desired fluid flow resistance be- 
tween the surface and the diaphragm as the diaphragm 
wraps along the surface. 

In yet another embodiment, specific geometric de- 
pressions are formed within the surface of the body to 
provide a desired fluid flow resistance between the sur- 
face and the diaphragm as the diaphragm incrementally 
engages along the surface. 

The present invention is illustrated by way of exam- 
ple and is not limited by the figures of the accompanying 
drawings, in which like references indicate similar ele- 
ments, and in which: 

Figure 1 illustrates a prior art flow control valve. 

Figure 2 illustrates another prior art flow control 
valve. 

Figure 3A illustrates a cross-sectional view of a 
flow control valve in one embodiment of the present in- 
vention. 

Figure 3B illustrates an enlarged cross-sectional 
view of the diaphragm, curved surface and plunger re- 
gion of the flow control valve depicted in Figure 3A. 

' Figure 3C illustrates a perspective view of the 
curved surface depicted in Figure 3A. 

Figure 4 A illustrates the flow control valve of Figure 
3A with the diaphragm partially engaged along the 
curved surface of the lower body assembly. 

Figure 4B illustrates an enlarged cross-sectional 
view of the diaphragm, curved surface and plunger re- 
gion of the flow control valve depicted in Figure 4A. 



Figure 4C illustrates a microscopic cross-sectional 
view of a contact area between the curved surface and 
diaphragm of Figure 4A. 

Figure 5A illustrates a cross-sectional view of a 
5 flow control valve in another embodiment of the present 
invention. 

Figure 5B illustrates a perspective view of the sur- 
face depicted in Figure 5A. 

Figure 6 illustrates the flow control valve of Figure 
io 5A with the diaphragm partially engaged along the flat 
surface of the lower body assembly. 

Figure 7 illustrates a cross-sectional view of a flow 
control valve in yet another embodiment of the present 
invention. 

is Figure 8A illustrates a perspective view of the lower 
body assembly of the valve depicted in Figure 7 having 
depressions formed within the curved surface. 

Figure 8B illustrates a cross-sectional view of a de- 
pression depicted in Figure 8A along line 8B-8B. 
20 Figure 8C illustrates a cross-sectional view of a de- 
pression depicted in Figure 8A along line 8C-8C. 

Figure 9A illustrates a perspective view of the lower 
body assembly of the valve depicted in Figure 7 wherein 
the curved surface is textured. 
25 Figure 9B illustrates a cross-sectional view of the 
textured surface depicted in Figure 9A along line 9B-9B. 

Figure 9C illustrates a cross-sectional view of the 
textured surface depicted in Figure 9A along line 9C-9C. 
Figure 10 illustrates the flow control valve of Figure 
30 7 having a ridge bounding the inlet orifice opening. 

Figure 1 1 illustrates a cross-sectional view of a flow 
control valve in yet another embodiment of the present 
invention. 

An improved flow control valve described. In the fol- 

35 lowing description, numerous specific details are set 
forth, such as material types, dimensions, etc., in order 
to provide a thorough understanding of the present in- 
vention. However, it will be obvious to one of ordinary 
skill in the art that the invention may be practiced without 

40 these specific details. In other instances, well-known 
structures and processing steps have not been shown 
in particular detail in order to avoid unnecessarily ob- 
scuring the present invention. Additionally, it should be 
noted that throughout this discussion reference will be 

45 made to a variety of components in a fluid delivery sys- 
tem. For the purposes of this discussioa and any pre- 
ceding discussion made herewith, the term "fluid" in- 
cludes any gas, liquid, or other media that is capable of 
flowing through a valve assembly. 

so With reference to Figure 3A, a cross-sectional side 
view of one embodiment of the present invention is 
shown. As illustrated in Figure 3A, the valve assembly 
30 includes a lower body assembly 32 containing an in- 
let passage 35 and an outlet passage 36 leading into 

55 and out of a cavity 34 disposed between the lower body 
assembly 32 and an upper body assembly 31 . The inlet 
and outlet passages 35 and 36 communicate with cavity 
34 at an inlet opening 37 and an outlet opening 38, re- 
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spectively. Disposed between inlet and outlet openings 
37 and 38 is a curved surface 39 which defines the lower 
wall of cavity 34. A flexible diaphragm 40 is disposed 
within cavity 34 and is secured between upper and lower 
body assemblies 31 and 32. A fluid flow passing through 
valve assembly 30 is controlled by incrementally engag- 
ing or disengaging diaphragm 40 along curved surface 
39 to thereby restrict or free the flow of fluid through the 
valve cavity. In the embodiment of Figure 3A, a plunger 
41 is provided within upper body assembly 31 to adjust 
the position of diaphragm 40. Note also, that upper and 
lower body assemblies 31 and 32 are attached via 
threaded members 33. 

Figure 3B illustrates an enlarged cross-sectional 
view of the diaphragm 40, curved surface 39, and plung- 
er engagement surface 42 of the embodiment shown in 
Figure 3A. Figure 3C illustrates a perspective view of 
surface 39. 

It should be noted that Figures 3A and 3B illustrate 
diaphragm 40 in a fully disengaged position wherein the 
fluid flow resistance between diaphragm 40 and surface 

39 is at a minimum. Figure 4A, on the other hand, illus- 
trates the valve assembly of Figure 3A with diaphragm 

40 partially engaged along curved surface 39. Hence, 
in Figure 4A, fluid flow is restricted through cavity 34. 
One of the salient features of the present invention lies 
in the method in which flow is controlled through the 
valve assembly. The flow control method of the present 
invention is achieved by incrementally engaging or 
wrapping diaphragm 40 along curved surface 39 to ad- 
just the fluid flow resistance between the diaphragm and 
curved surface. 

Figure 4B illustrates an enlarged cross-sectional 
view of the diaphragm, curved surface and plunger re- 
gion of the flow control valve depicted in Figure 4A. As 
shown in Figure 4B, the contact surface area between 
surface 39 and diaphragm 40 is increased as a down- 
ward force is applied to plunger 41. It is appreciated that 
as the contact surface area between surface 39 and di- 
aphragm 40 increases so will the fluid flow resistance 
between the two members. In this manner fluid flow is 
controlled in the present invention by incrementally 
wrapping or enveloping diaphragm 40 along surface 39 
such that the fluid flow resistance between the two mem- 
bers is varied. In the flow control valve assembly of Fig- 
ure 3A, the fluid flow resistance between diaphragm 40 
and surface 39 is at a minimum since diaphragm 40 
makes little or no contact with surface 39. As a result, 
the flow rate through cavity 34 is at a maximum when 
diaphragm 40 is in a fully disengaged position. In the 
flow control valve assembly depicted in Figure 4B, the 
flow rate through cavity 34 is reduced as diaphragm 40 
envelops surface 39. 

Figure 4C illustrates a microscopic view of a contact 
area between curved surface 39 and diaphragm 40 of 
Figure 4B. It is appreciated by those of ordinary skill in 
the art that few, if any, surfaces are truly flat. Even pol- 
ished surface contain crevices, protuberances and oth- 



er surface deformations. The depth, width and height of 
the deformations will, of course, depend upon the par- 
ticular surface finish. For example, a surface having a 
16 RA (Roughness Average) will, on average, contain 

5 fewer deformations than a surface possessing a 25 RA 
surface finish. It isfurther . understood that, on average, 
the deformations in a surface having a 16 RA surface 
finish are more shallow, more narrow and shorter than 
those in a surface possessing a 25 RA surface finish. 

io Turning again to Figure 4C, diaphragm 40 is shown 
in intimate contact with surface 39. Figure 4C represents 
a typical cross-section of a contact area that exists be- 
tween diaphragm 40 and surface 39 as diaphragm 40 
wraps along or envelops surface 39. Surface 93 of dia- 

15 phragm 40 and surface 39 each contain deformations 
along their respective surface. Consequently, when the 
two surfaces come into contact, a series of contact 
points 91 and voids 92 are formed along the contact in- 
terface. Because surface 93 and 39 fail to make com- 

20 piete contact along the contact interface, a fluid flow is 
permitted to pass through voids 93. The amount of fluid 
flow that is permitted to pass between the two surfaces 
is determined by a number of factors including: the open 
area between diaphragm 40 and surface 39, the surface 

25 finish of surfaces 93 and 39, the flexibility of diaphragm 
40, the properties of the fluid passing through the inter- 
face, the differential pressure across the interface, etc.. 
For example, as the contact area between surfaces 93 
and 39 increases, an increased number of restrictions 

30 (contact points 91) will exists which will effectively in- 
crease the fluid flow resistance between the two surfac- 
es. Conversely, as the surface roughness of surface 93 
and 39 is increased, larger voids and fewer contact 
points will exists along the interface. This will result in a 

35 lower fluid flow resistance between the two surfaces. It 
is appreciated that as the fluid flow resistance between 
diaphragm 40 and surface 39 increases, the flow rate 
between the two members will decrease (assuming oth- 
er parameters, such as pressure and temperature, re- 

40 main constant). On the other hand : as the fluid flow re- 
sistance between diaphragm 40 and surface 39 de- 
creases, the flow rate between the two members will in- 
crease. 

In one embodiment, the entire valve assembly as 
45 depicted in Figure 3A comprises stainless steel. Note, 
however, that any of a number of other metals, ceram- 
ics, etc. may be used depending upon the application 
and particular use of the control valve. The shape and 
size of inlet and outlet openings 37 and 38 will also vary 
50 depending upon the particular application. In one em- 
bodiment, inlet passage 35 has a substantially circular 
cross-section with a diameter of approximately 0.15 
inches. Outlet passage 36 also possesses a substan- 
tially circular cross-section with a diameter of approxi- 
55 mately 0.10 inches. The curvature and surface finish of 
surface 39 is dependent upon a variety of factors includ- 
ing flow rate and control requirements. In one embodi- 
ment, the curvature of surface 39 has a radius of ap- 
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proximately 2.5 inches. The surface finish of surface 39 
is typically held to a 16 RA (Roughness Average) finish 
or better. Diaphragm 40 typically includes a thin metal 
disc having a thickness of approximately 0.005 inches 
and a curvature that is slightly larger than the curvature 
of surface 39. For example, in an embodiment where 
surface 39 possesses a curvature having a diameter of 
2.5 inches, diaphragm 40 may possess a curvature hav- 
ing a diameter of approximately 2.75 to 3.0 inches. It 
should be understood that a non-metallic diaphragm, 
such as a polymer, may be used in valves controlling 
compatible, low temperature fluids. A metallic dia- 
phragm, and more particularly, a stainless steel dia- 
phragm, is used in high temperature and corrosive fluid 
flow environments. The surface finish or porousness of 
diaphragm 40 will also depend upon flow rate and con- 
trol requirements. 

As previously discussed, upper body assembly 31 
possesses a plunger assembly that is used to forcibly 
engage diaphragm 40 along surface 39 to control the 
flow rate of a fluid through valve assembly 30. The size 
and shape of plunger 41 and plunger engagement sur- 
face 42 may take many forms and will depend upon the 
particular design requirements. In one embodiment 
plunger surface 42 has a substantially circular shape 
and includes a curvature having a diameter of approxi- 
mately 2.25 inches as measured from the center line of 
the plunger assembly. Generally, upper body assembly 
31 and stem 96 of plunger 41 each possess threaded 
members (not shown) that engage to provide an upward 
or downward movement of plunger 41 when the stem is 
rotated relative to upper body assembly 31 . Stem 96 
may be rotated manually or by any of a number of other 
means commonly known in the art, such as, for exam- 
ple, an electric motor. 

Figure 5A illustrates a cross-sectional view of an- 
other embodiment of the present invention. The distinc- 
tion between valve assembly 30 of Figure 3A and valve 
assembly 50 of Figure 5A lie in the shape of lower body 
assembly contact surfaces 39 and 49. Figure 5B illus- 
trates a perspective view of surface 49. In the embodi- 
ment of Figure 3A, surface 39 is curved, whereas in the 
embodiment of Figure 5A surface 49 is conical. (See 
Figures 3B and 5B.) Although the shape of surfaces 39 
and 49 differ, the method of operation of valve assem- 
blies 30 and 50 remain essentially the same. Fluid flow 
through the valve cavity 34 is controlled by incrementally 
engaging diaphragm 40 along surface 49. In Figure 5A, 
plunger assembly 41 and plunger engagement surface 
42 is shown having the same shape as the embodiment 
depicted in Figure 3A. Note, however, that a plunger as- 
sembly having a substantially conical engagement sur- 
face may also be used. As previously discussed, plung- 
er engagement surface 42 may take upon a wide variety 
of shapes and sizes. The shape of surface 42 will largely 
depend upon the shape of surface 49, and will also be 
affected by the material characteristics of diaphragm 40 
and the particular flow requirements of the valve assem- 



bly. 

Figure 6 illustrates the valve assembly 50 of Figure 
5A with diaphragm 40 partially engaged along the flat 
surface 49 of lower body assembly 32. Flow is restricted 

5 through cavity 34 in the same manner described above 
in the embodiment of Figure 4A. 

It is important to note that in Figure 4A and Figure 
6 diaphragm 40 is shown making continuous contact 
along surfaces 39 and 49 as it incrementally engages 

10 the surfaces. Note, however, that this type of engage- 
ment is not essential to the implementation of the 
present invention. In some applications, the contact ar- 
ea or contact points between diaphragm 40 and surfac- 
es 39 and 49 will shift along the surfaces as the engage- 
's ment position of diaphragm 40 changes. 

Referring now to Figure 7, a cross-sectional view of 
another embodiment of the present invention is shown. 
As shown, valve assembly 60 is similar to the embodi- 
ment illustrated in Figure 3A except for the addition of 

20 annular recess 45 in lower body assembly 32. Recess 
45 may be included in the valve assembly to equalize 
the flow distribution across surface 39 and to facilitate 
higher flow rates if needed. In one embodiment, recess 
45 comprises a substantially rectangular cross-section 

25 having a depth and width of approximately 0.025 and 
0.1 5 inches, respectively. It is understood, however, that 
recess 45 may take different sizes and shapes. For ex- 
ample, in lieu of a rectangular cross -sect ion, recess 45 
may include a semi-circular shape having a diameter of 

30 0.025 inches. 

In the foregoing description a number of embodi- 
ments of the present invention have been described 
wherein the lower body assembly contact surfaces 39 
(Figures 3A, 3B, 4A and 7) and 49 (Figures 5A, 5B and 

35 6) have uniform and continuous surface finishes. In 
some applications where flow must be controlled over 
a large range of flow rates, the use of a contact surface 
having a uniform and continuous surface finish may 
prove to be insufficient. For example, in a flow control 

40 valve having a flow regime between 5 liters/minute and 
10 seem, the ability to control flow at the high end of the 
flow regime is difficult when utilizing a contact surface 
having a uniform and continuous surface finish. Figure 
8A illustrates an alternative embodiment of the lower 

45 body assembly 32 depicted in Figure 7 that provides a 
higher degree of control at higher flow rates. As shown, 
surface 39 includes a plurality of rectangular shaped de- 
pressions 85 disposed equidistantly around surface 39. 
As describe above, flow is primarily controlled by vary- 

50 ing the fluid flow resistance between diaphragm 40 and 
surface 39. In the embodiment of Figure 8 A, fluid flow 
resistance is controlled by establishing a maximum ob- 
tainable contact area between diaphragm 40 and sur- 
face 39 as the diaphragm engages radially along sur- 

55 face 39. As shown in Figure 8 A, the maximum obtaina- 
ble contact area between diaphragm 40 and surface 39 
increases as diaphragm 40 engages radially inward 
along surface 39. The advantage of including depres- 
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sions 85 in surface 39 are most notable when attempting 
to control high flow rates. Without the depression re- 
gions, the flow rate between diaphragm 40 and surface 
39 is drastically. reduced when diaphragm 40 makes in- 
itial contact along the outer edge of surface 39. By in- 
cluding depressions 85 in surface 39 higher flow rates 
may be maintained during the initial engagement and 
subsequent wrapping of diaphragm 40 along surface 
39. Control at the higher flow rates is obtained due to 
the existence of voids formed between diaphragm 40 
and surface 39. at depression regions 85. Figures 8B 
and 8C illustrate a cross-sectional view of depression 
85 along lines 8B-8B and 8C-8C, respectively. In one 
embodiment depression zone 85 comprises a substan- 
tially triangular shape having a depth of 0.01 inches and 
a width of 0.10 inches at its widest point, and a width of 
0.005 inches at its most narrow point. It is understood, 
however, that the size, sTiape and depth of depression 
regions 85 will vary depending upon the particular flow 
requirements. By way of example, deeper, more narrow 
depression regions may be used in lieu of those illus- 
trated in Figure 8A. Channels having a constant width 
and varying depth may also be used. Note also, that 
raised regions rather than depressions may be formed 
along surface 39 in order to achieve similar results. As 
an example, a raised rib pattern or a variety of other ge- 
ometric patterns may be formed along surface 39. 

Another important advantage of utilizing depression 
regions is that they may be used to produce a linear flow 
control over a broad range of flow rates. Linear flow con- 
trol may be accomplished by strategically placing spe- 
cifically sized and shaped depression zones along sur- 
face 39 such that the fluid flow resistance between dia- 
phragm 40 and surface 39 changes linearly as dia- 
phragm 40 engages along surface 39. 

Figure 9A illustrates another embodiment of the 
lower body assembly depicted in Figure 7. As shown in 
Figure 9A, surface 39 is textured to provide a particular 
surface roughness along various regions of surface 39. 
In Figure 9A, surface 39 is shown having two textured 
regions 86 and 87, wherein each region possesses a 
different surface roughness. In one embodiment the sur- 
face roughness along outer region 86 is greater than the 
surface roughness along inner region 87. Figures 9B 
and 9C illustrate a cross-sectional view of surface 39 
along lines 9B-9B and 9C-9C, respectively. By providing 
a plurality of textured regions that are disposed radially 
along surface 39, flow may be more precisely controlled 
over a broader range of flow rates. This is achieved by 
effectively controlling the number of contact points and 
voids that are established between diaphragm 40 and 
surface 39 as the two members make contact. Although 
two textured regions are shown in Figure 9A, it is appre- 
ciated that any number of textured regions may be uti- 
lized to obtain specific flow results. 

In the embodiments of Figures 8A and 9A surface 
39 is described having depressions 85 and textured re- 
gions 86'and 87. It is to be understood that the surface 



of diaphragm 40 may also include depressions and/or 
textured regions in order to achieve similar results. It is 
further understood that a combination of depressions 
and/or textured regions may be formed within surface 

5 39 and diaphragm 40 in order to achieve a desired flow 
control system. 

Figure 10 illustrates a variation to the embodiment 
disclosed in Figure 7. As shown, valve assembly 70 in- 
cludes a protuberance 52 that forms a boundary around 

10 inlet opening 37. It is appreciated by those of ordinary 
skill in the art that the control valves depicted in Figures 
3A and 5A are not intended to act as shutoff valves, but 
are specifically designed to meter a fluid flow through 
their respective valve assemblies. In the embodiment of 

15 Figure 1 0, protuberance 52 is included to provide valve 
assembly 70 with a means to shut off flow through the 
valve: The fluid flow control method of valve assembly 
70 is implemented in the same manner as the valve as- 
semblies depicted in Figure 7. However, in valve assem- 

20 bly 70, when diaphragm 40 engages with protuberance 
52, fluid flow through the assembly is shut off. The pro- 
tuberance may be integrally formed with or machined 
into lower body assembly 32. Practitioners in the art will 
appreciate that a number of other valve seat and en- 

25 gagement designs may be used in implementing the in- 
vention. By way of example, in lieu of integrally forming 
the protuberance or valve seat with lower valve assem- 
bly 32, a polymer or metal valve seat insert may be dis- 
posed within inlet opening 37. In addition, it is under- 
go stood that the size and shape of the structure may vary 
depending upon the particular use or application. 

In the foregoing description, a control valve has 
been described wherein a fluid flow is metered by incre- 
mentally engaging a thin, flexible diaphragm along the 

35 surface of a valve body such that the fluid flow resist- 
ance between the diaphragm and surface is varied. It is 
important to note that the fluid flow into and out of the 
valve assemblies depicted in the foregoing embodi- 
ments may be reversed whereby fluid flows into cavity 

40 34 through passage 35 and out of the cavity through 
passage 36. 

With reference to Figure 11, yet another embodi- 
ment of the present invention is shown having inlet and 
outlet passages 75 and 76. As illustrated in Figure 11, 

45 the valve assembly 90 includes a lower body assembly 
72 containing inlet passage 75 and outlet passage 76 
that lead into and out of a cavity 74 disposed between 
the lower body assembly 72 and upper body assembly 
71 . The inlet and outlet passages 75 and 76 communi- 

50 cate with cavity 74 at an inlet opening 77 and an outlet 
opening 78, respectively. Disposed between inlet and 
outlet openings 77 and 78 is a curved surface 79 which 
defines the lower wall of cavity 74. A flexible diaphragm 
80 is disposed within cavity 74 and is secured between 

ss upper and lower body assemblies 71 and 72. A fluid flow 
passing through valve assembly 90 is controlled by in- 
crementally engaging or disengaging diaphragm 80 
against curved surface 79 to thereby vary the fluid flow 
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4. The assembly of claim 1 wherein said surface is tex- 
tured to provide a resistance to said fluid flow when 
said diaphragm engages along said surface. 

5 5. The assembly of claim 1 wherein said surface is tex- 
tured to provide a variable resistance to said fluid 
flow as said diaphragm engages along said surface. 

6. The assembly of claim 1 wherein at least one de- 
io pression is formed within said surface. 

7. The assembly of claim 1 wherein at least one raised 
region is formed along said surface. 

15 8. The assembly of claim 1 wherein said means oper- 
ative^ associated with said diaphragm for forcibly 
engaging said flexible member along said curved 
surface comprises a pressurized air. 

20 9. The assembly of claim 1 wherein said first opening 
is bounded by a protuberance. 



resistance between diaphragm 80 and surface 79. In the 
embodiment of Figure 1 1 , a plunger 81 is provided within 
upper body assembly 71 to adjust the position of dia- 
phragm 80. Note also, that upper and lower body as- 
semblies 71 and 72 are attached via threaded members 
73. 

Thus far, a number of embodiments of the present 
invention have been disclosed demonstrating a new 
methodology of controlling a fluid flow through a valve. 
In each of the embodiments, a plunger assembly has 
been disclosed as the means for engaging the dia- 
phragm against the lower body assembly contact sur- 
face. Practitioners in the art will appreciate that a multi- 
tude of other engagement devices may be used in im- 
plementing the invention. For example, in lieu of using 
a plunger assembly, pressurized air may be used as the 
engagement means. 

It is appreciated that the methods and apparatus of 
the present invention may be used in a variety of tech- 
nologies. It is further understood that the relative dimen- 
sions, geometric shapes, materials and process tech- 
niques set forth within the specification are exemplary 
of the disclosed embodiments only. Whereas many al- 
terations and modifications to the present invention will 
no doubt become apparent to a person ordinarily skilled 
in the art having read the foregoing description, it is to 
be understood that the particular embodiments shown 
and described by way of illustration are in no way in- 
tended to be limiting. Therefore, reference to the details 
of the illustrated diagrams is not intended to limit the 
scope of the claims which themselves recite only those 
features regarded as essential to the invention. 



Claims 

1 . A valve assembly comprising: 

a body having a cavity, an inlet passage and an 
outlet passage wherein said inlet and outlet 
passages permit a fluid flow into an out of said 
cavity through a first opening and a second 
opening, respectively, said body having a sub- 
stantially continuous surface disposed be- 
tween said first and second openings; 
a diaphragm disposed within said cavity; and 
means operatively associated with said dia- 
phragm for incrementally engaging said dia- 
phragm along said surface to vary the fluid flow 
resistance between said surface and said dia- 
phragm to control said fluid flow through said 
cavity. 

2. The assembly of claims 1 wherein said surface is 
curved. 

3. The assembly of claims 1 wherein said surface is 
conical. 



10. The assembly of claim 9 wherein said means oper- 
atively associated with said diaphragm forcibly en- 

25 gages said diaphragm against said protuberance to 
shut off said fluid flow through said first opening. 

11 . A valve assembly comprising: 

30 an upper body and a lower body having a cavity 

disposed therein; 

an inlet passage and an outlet passage dis- 
posed within said lower body to permit a fluid 
flow into and out of said cavity through a first 
35 port and a second port, respectively; 

a substantially continuous first surface dis- 
posed between said first and second ports; 
a recess disposed substantially around said 
first surface, said second port opening into said 
40 recess; 

a flexible member having a second and third 
surface, said flexible member being disposed 
within said cavity; and 

means operatively associated with said flexible 
45 member for incrementally engaging said sec- 

ond surface along said first surface to regulate 
said fluid flow through said cavity. 

12. The assembly of claim 11 wherein at least one de- 
50 pression is formed within in said first surface. 

13. The assembly of claim 11 wherein at least one 
raised region is formed along said first surface. 

55 14. The assembly of claim 1 1 wherein said second sur- 
face is textured to provide a resistance to said fluid 
flow when said second surface engages along said 
first surface. 



35 



40 



7 
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15. The assembly of claim 11 wherein said second sur- 
face is textured to provide a variable resistance to 
said fluid flow as said second surface engages 
along said first surface. 

5 

16. The assembly of claim 11 wherein at least one de- 
pression is formed within in said second surface. 

17. The assembly of claim 11 wherein at least one 
raised region is formed along said second surface. io 

18. The assembly of claim 11 wherein said first port is 
bounded by a protuberance. 

19. The assembly of claim 18 wherein said means op- 
eratively associated with said flexible member for- 
cibly engages said flexible member against said 
protuberance to shut off said fluid flow through said 
first port. 

20. A method for controlling a fluid flow through a valve 
cavity having a substantially continuous surface 
disposed between an inlet and outlet opening, said 
method comprising the step of: 

a) incrementally engaging a flexible member 
along said surface to vary the fluid flow resistance 
between said flexible member and said curved sur- 
face. 

30 



35 



40 



45 



50 



55 
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FIG. 3C 
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